Abstract
Introduction
In the last few years, internet technology and it's applications has grown rapidly beyond servers, desktops and laptop to include handheld devices like PDA, mobile etc and this trend will continue until it will not be simpler and centralized to devices such as sensors, home appliances, services, personal medical devices, which will be connected through Internet. The relation between the volume of centralized and distributed functionality may be taken as a measure for characterizing the degree of personal healthcare system. Middleware suggests that it is software positioned between the operating system and the application just like body of car which hide all the complexity of all engine parts and internal architecture, which spreads itself over a heterogeneous internal architecture, concealing the complexity of the underlying technology from the application being run on it. So middleware can be viewed as set of service which can access through their API (application programming interface) provided by several research organization and other institutes.
Every healthcare application requirements are different to another existing or non existing application. To build such application several existing application and ongoing projects were studied and then tried to build an architecture which can be appropriate to handle necessary information related to personal healthcare. In this paper we design a prototype for ubiquitous healthcare data analysis and monitoring using multiple wireless sensors for personal healthcare system. Our proposed architecture will also provide diagnosis report to the doctors and patient as well as Nurses for further instructions.
The diagnoses report will consist of healthcare data analysis results and history of patient. We have considered healthcare data like ECG, Accelerometer and temperature. This system develops a robust platform for real-time monitoring of patients staying in their home and transmitting healthcare data to doctors working at the hospital with extended ECG.
The requirement to build this kind of application arises when we analyze that the population aging has become one of the most significant demographic processes of modern times. An inevitable consequence of the demographic transition and the shift to lower fertility and reduced mortality, the ageing of the world's population has many countries facing unprecedented numbers and proportions of older persons. In much of the world, populations are ageing at an extremely rapid pace. The proportion of older persons that is those aged 65 years and over, currently comprises around 10 per cent of the world's population, and is projected to increase to 22 percent by 2050 [1] . To resolve this problem, we already developed prototype for ubiquitous healthcare system which can give early alarm to doctor's PDA [2] .
In this paper the main concern is on system architecture, application development, availability of tools and their utilization and creates an interface between data source and GUI. We also overview a variety of related available technology and argue that no existing approach provides all the management tools required by sensor network applications. With middleware we build a LiveGraph [3] with oracle to process different ubiquitous healthcare application's data and process that data into useful information, which played an important role in decision making. Application developers mostly rely on third party middleware, tools and libraries to respond the emerging trends of their target domain. With this middleware we tried to enhance the efficiency of application in data processing and decision making by put it on another web module which is independent of each application.
The rest of the paper is organised as follows, section 2 briefly describes related work and some existing technologies which are working on same fields and contributed allot. Section 3 describes the various design issue architecture developed for whole application. Section 4 discuss about implementation of the middleware in personal healthcare system and their performance analysis with compare to some existing application like MATLAB. Finally, in Section 5, we make some concluding remarks and present what can be the future work for this proposal.
Related work
Personal healthcare information system is one of the most emerging areas of research these days. There are several personal and public healthcare research group and society which are working on healthcare information system and management. OpenEHR [4] , HiMSS [5] , HL7 [6] are some of them which are working from many years and developing latest trends and technologies. OpenEHR stored a person's all health data once in a lifetime, which is vendor-independent and person centered. Their main focus is on message standards such as ISO13606, rather than exchange of data between EHRsystems. In HiMSS, the EHR is a longitudinal electronic record of patient health information generated by one or more encounters in any care delivery setting which also includes several information such as patient demographics, progress notes, problems, medications, vital signs, past medical history, immunizations, laboratory data and radiology reports. HL7 and its other member also provide a framework for exchange information, integration, sharing and retrieval of information. It enables interoperability of healthcare information which creates standard for the exchange, management, and integration of electronic healthcare information.
Due to recent trends in healthcare technology and huge impact on health economy, there is huge demand of different biomedical application and devices come to edges. There is huge work to be done on Personal healthcare information system and embedded devices and service provided by them. There is big need to build such advanced application which can reduce the cost of big application and can reduce the cost of big applications like computer tomographs (CT), magnetic resonance imaging (MRI) tomographs, anesthesia workstations or dialysis machines. All above devices and equipments are still builds and developed for mainly clinical setting, and for professional use and by only big industries.
Platform such as CORBA, DCOM and RMI offer higher level distributed programming models that extend the native OS network environment. To get the maximum benefit of Ubiquitous healthcare system it is necessary to build a middleware between different ubiquitous applications which can play an important role with management of data and information processing in personal healthcare information system. The technology requirements of various domains are increasing, such as distributed platforms are commonly in use, the quality of service requirements for ubiquitous healthcare systems are also increasing as the low level sensor network grows powerful, customers also needs for platform independent software and interoperability, etc.
It's time to build such applications and devices which can work independently, without less human interface and those can be operate by really less technical knowledge. To compete the latest and big enormous competition by big entity and organization it's time to work differently so these application and devices can be used in personal healthcare system. This work is an effort to build a middleware between various ubiquitous healthcare applications. This paper mainly motivated to build architecture for personal healthcare information system which is a part of our ubiquitous healthcare information system shown in Figure 1 . The whole application is developed after study various existing application such as CAMUS [7] a middleware for providing context-aware applications with development and execution methodology which respond in a timely fashion to contexts. Another existing middleware is MiLAN [8] , provide higher level of abstractions of complex low-level concepts to application programmers, easing the design and implementation of applications, however, sensor networks have some unique characteristics, including dynamic availability of data sources and application quality of service requirements that are not common to other types of applications. We also analyze various different existing middleware which may be low level and high level middleware technology UHaS [9] , DCAM [10] MOBIWARE [11] LIME [12] etc and try to find the best solution for healthcare information system.
System design
In this paper the main motive was to build an application which can play an important role in personal healthcare system. This system has three modules. First module known as personal healthcare module consist of MedRec which handle all kind of user activity. It provides an interactive GUI to various users to feed his/her data and measurement and to access old information and instruction. There are several sub modules according to various users such as physician, patient, nurse etc. according to their authentication each of them access their specified module. Second module is information processing module where all information processed with the help of LiveGraph and oscilloscope. This is the most important phase of this application where all information processing done. After collecting sensor data from sensor in USN environment, data is sent to application with USN sensor mote. Third module is application database, where all the data and information stored after processing. Figure 1 , illustrates the system architecture of personal healthcare system which is developed in contrast to project of ubiquitous healthcare system in USN Lab. In this paper the main focus is on one application between ubiquitous healthcare monitoring using ECG sensors, but it doesn't mean that for each other application we have to build different application. As this application is build with J2EE technology and based on Model-view-controller (MVC) [13] , which provides a pattern for separating the presentation logic (view), business logic (control), and data objects so with a little modification we can implement this application. To process and execute all application data and information Weblogic application server is used to reduce memory, execution time and the load on web application as each time, it increase lot of speed and performance of each application. Regarding memory and execution time it's understandable while an application that running on the client's browser such as Applet, when a browser request an applet embedded page, the applet will downloaded to the client computer and executed within the browser. While servlets is a application that running on the server, when a server receive a request of a servlet, the server will process the servlet and give the result to the client back after the servlet is done. In this case due to application server's high speed and performance it will reduce the memory and execution time. This design prototype is developed for all computer users which can be anywhere in the world which consist a web base application (deployed on multiple physical hosts) and connected to application server which is accessible through internet. To build the user interface for middleware or in other words to build the personal healthcare module, J2EE and swing technology is used with the help of eclipse IDE. To make this application available to all users it need to provide a web front end with enhancements to Java Servlets, Java Server Pages (JSP) and XML Schema which can also be used by developers to validate their XML structures.
To build a fully functional user interface for personal healthcare system three modules has been developed in this project. First one is personal healthcare module which is used to access several measurements, previous health status of patient etc, Second module is LiveGraph and oscilloscope which are incorporated with personal healthcare module. Both are developed to handle all information processing and creating diagnosis status. There is another module which is also used for monitoring ECG and accelerometer data and the last and the main basic user interface which provide all these application to different user is MedRec which is the core GUI to interact with all other application.
Personal Healthcare Module
The basic goal of personal healthcare system here is to develop architecture to create, operate and evolve an enterprise-wide information system that meets the needs of its users, flexibly and cost effectively. The fundamental purpose of informative ubiquitous system is to improve the effectiveness of the system and application modules. In ubiquitous system the biggest challenge is sharing the information among different people who are geographically dispersed and yet need to work together, which is fulfilled with smart middleware system. Personal Healthcare module consist several module with many application which are developed with Java and swing. Figure 2 illustrate the personal healthcare GUI which is developed with Java and swing. It also consist various module such as take measurement which record various healthcare data from sensors through base station. Another module is compare health status for analyze of various health data from different time period which is stored in database. In personal healthcare application different user those who are accessing personal healthcare module with the help of different sensor embedded in USN sensor mote can take measure through Oscilloscope (implement in personal healthcare module) also. With each module each user can access and modify his data with their authorization. For example a patient, nurse can use take measurement module. Physician can also take the measurement and also can add some diagnosis report as well as instruction for patient and nurse which can't be modify by any other users. According to their authorization they can use different modules. They can also analyze the current health status and pervious health status with personal healthcare module and without the help of any other body like physician. After analysis old health data is stored in database which accessible anywhere through web application and which can be later used for further research use. Aiming to illustrate the functionality of proposed system, an application system is developed related to normal healthcare such as temperature, Spo2, Pulse and ECG, since monitoring different ECG, Temperature, and Spo2 always play a significant role in assessing the response to hypertensive treatment outside the medical environment. During the patient visit to clinic, normally physician decide to prescribe a medication and after ensure that patient don't have any complication with normal routine measurement. So he assign a normal profile for each patient according to his status and selects the measurement and symptom that need to be recorded for the medication treatment outside of medical faculty or at home. Figure 2(a) shown the basic GUI of personal healthcare module from which a user can select which activity he want to do such as take measurement, compare health status(if he already have some history) and check current health status. After selecting one of the feature such as take measurement any user can take his measurement of temperature, Pulse and Spo2, Once the device( which is also developed in our lab and description will be given below) is attached user can take a fresh measurement. Figure 4(b) shows how after detecting the device it will give you instruction and once the measurement is done a button will appear that will says measurement done and with that button another button will be active show health status. With show health status any user can see his current health status. For physician it's really difficult to open so many screens and compare different healthcare record on different dates, especially when it comes to graph its really tedious task to take many printout and then try to figure out what can be the problem. In this module we also added new features by which he can compare patient data on various dates. Figure 4(c) shows how a user can compare the patient healthcare data from different dates. Once user has selected the date by using compare old health status he can compare different data from different dates. Due to the complexity of ECG data we didn't attach that module with personal healthcare module. For ECG we have developed an independent module which will be discussed later. With this module we can analyze the ECG wave as well as we can also get some diagnosis status from that module.
The ECG features are used to detect life-threatening arrhythmias, with an emphasis on the software for analyzing the P-wave, QRS complex, and T-wave in ECG signals at application after receiving data from base station which is attached to USN mote.
In personal healthcare module we also added other measurement module for spo2, tremor, and body temperature. To measure all these diagnosis we used some specific sensor. • 2.4V to 3.6V single supply operation • ±2g/±6g user selectable full-scale • 0.5mg resolution over 100hz bandwidth • Output voltage, offset and sensitivity ratio metric to the supply voltage III. For temperature we are using STLM20 Ultra-low current 2.4V precision analog temperature sensor.
• ±1.5°C temperature accuracy at 25°C • Ultra-low quiescent supply current: 8.0μA (max) • Operating voltage range: 2.4V to 5.5.
Sensors after embedded in USN sensor mote are show in figure 3 , illustrate the block diagram USN sensor mote where all three different sensors can be connected and with the help of Tinyos we manage whole architecture. Figure 3 is the finalized version of USN sensor mote, which is developed in USN lab to integrate various sensors such as ECG, Accelerometer and temperature. This sensor mote is incorporated with base station which transfers the data into personal healthcare module. All sensor data is processed and executed on the application server on LiveGraph. We can also analyze the data with previous record and if we want we can send all this processed data on database. Later this data can be accessible anywhere with the help of personal healthcare module through internet. But still we didn't consider that option but that can be future work to make this application Ubiquitous personal healthcare system. In this way we achieve the maximum utilization of resources such as physician etc.
LiveGraph
To analyzed healthcare data we have modified LiveGraph which is open source for exploratory data analysis and visualization framework LiveGraph is a great tool for simulation of .CSV data format but after modification with LiveGraph we try to find a suitable analyzer for personal healthcare system. Now it can process different kind of data such as .XLS, .TXT and .DB as well as .CSV style data format too. Simulation is an essential and complex part of any systems research and the hardest. Most time-consuming part of simulation phase is development of user interface, especially monitoring tools and visual display. Several visualization frameworks are available however they usually require extensive data preparation from the model developer and trade off powerful functions for a complex, slow-to-use user interface. Such frameworks are targeted at post-simulation data analysis.
Another module is incorporated with personal healthcare module is Oscilloscope. Oscilloscope is java based program developed by Tinyos [14] which is design and develop by University of California, with joint research effort with Intel Research. In personal healthcare system this Oscilloscope is modified accordance to specific requirement. LiveGraph system architecture consists of two parts first one is active parts and another one is communication channel between the two modules. The main GUI is LiveGraph plot module with a rich GUI and capable of plotting of plotting graphs based on data contained in a data stream in real-time. Figure 4 shows the main GUI with different modules. Graph setting controls the style and layout of plot module. Normally this kind of computation takes a lot of execution time due to locating the points in the vicinity of the mouse cursor is a computationally expensive task. That's the reason even it's an optional feature which we can turn off while using this module. With plot module user can save current graph setting using menu in the main application window. A plotter that automatically updates graphs of simulation outputs in real-time. A second crucial part of LiveGraph is the data writer API. This Java package provides tools for writing data to a stream that can be read by the plotter. The interface provided by the data writer API is easy and straight forward. It handles all low level operations transparently and does not require the developer to worry about any of the details of the data stream format. Figure 5 shows the internal architecture of plot module communication architecture. As a communication channel between the writer API and the plotter application LiveGraph uses a data file. That data file can be any kind of format. Typically data file is an extended CSV text file but after modification in data format it can be excel, DB or any data format available. A data writer keeps a file output stream open and writes new data to the file whenever the application passes a dataset to it. At the same time the plotter application keeps a file input stream open on the same file. Every second or so (the interval length is configurable) the plotter examines the file and checks whether it was modified since the last check. If the data file was modified, the plotter reads the data added since the last update and updates the graph on the screen.
MedRec
To interact with different user with different application and system a graphical user interface is created with MedRec [15] which is the Key GUI in whole personal healthcare system. It's developed in J2EE and XML which is the main Front for each user. In Personal Healthcare module, LiveGraph, oscilloscope and another ECG and accelerometer modules are also incorporated and can be used with the help of MedRec. In this application we added the entire latest features which are really helpful for a normal user. Temporarily all the database is handled with MedRec Weblogic Server later that can be implemented with oracle or specific database. Personal healthcare module consists of several applications and modules and according to physician choice he can choose which application will be useful for particular patient.
Figure 6. MedRec Architecture with Weblogic integration
The MedRec application suite consists of three separate applications for the patient, physician, and administrator user roles which shown in figure 6 . Using a separate application for each user role allows distributing each application function across different Weblogic Server instances as needed. The MedRec sample domain (optionally installed with Weblogic Server) deploys all three applications on a single server instance for easy demonstration purposes. The MedRec also deploy the applications in a single-server domain, which is typical for development environments. However, we can also deploy the MedRec and Physician applications on two different server instances (in separate domains) to illustrate the use of Web Services between the applications. The MedRec project directory also contains subdirectories for compiling the client applications that access MedRec via Web Services. MedRec includes a service tier of Enterprise Java Beans (EJBs) that work together to process requests from client applications in the presentation tier and from Web applications, and Web services workflow applications. The application includes message-driven, stateless session, stateful session, and entity EJBs. The MedRec physician web application should be housed in a different server/domain accessing the database managed by the patient and admin web apps on their own domain. In presentation layer MedRec apps uses Java Server Pages (JSPs) tags and Jakarta Struts 1.0 intelligence to populating Enterprise Java Beans that request Actions within the service tier.
Performance analysis
The whole application is distributed in three phase. First one is GUI as web application which is used as front end for all users. From which all users and administrator can feed, access and modify their healthcare and administrative information. Second phase processing phase which is done by several application which are developed for various task, such as Oscilloscope which can be used for different data processing, LiveGraph is another module which also used for variety of application consist different features. Third module which is developed in C#.net also incorporated with this application which is used to detect the normally and abnormality in ECG and accelerometer. Third phase is storage of data and processed information.
For simulation, experimental set-up obtains the ECG and accelerometer data from the sensors placed on real human body and MIT-BIH arrhythmia database. Firstly data are transmitted from human body to base station and then to server for ECG and accelerometer analysis. Commonly most fibrillation detection algorithms are tested with the MIT-BIH database. The test system should run with various other ECG database types, while accelerometer data is received by sensor unit which consist of 3-axes accelerometer and data acquisition board (AD5893, 12 bit ADC-MUX) connected to to MicaZ motes (Crossbow Technology Inc.). Normal ECG data is taken from real body of human being by using MIB510 data acquisition board attached to MicaZ mote. The packet formats for ECG and Accelerometer from sensor node are shown in table 1 and 2.
In this paper main goal was to provide a capability for real time (software) analysis of ECG signal with activity monitoring at server. After detecting an abnormality then transfer that data into server and which can be use later on by some specific user like himself, nurse and physician and if user wants that data can used for other purpose like research etc. The services provided to client from server made possible by using healthcare middleware. Designing of middleware format is still in progress due to compatibility between healthcare data packet format like ECG packet format, Accelerometer packet format. We are using healthcare packet format provided in table 1 and table 2 and having experiment with middleware suitability. There are various systems available for comprehensive data analysis in a post-simulation phase. GNUPlot is a very powerful plotter system featuring its own scripting language. Computer algebra and numerical computation packages such as Mathematica, Maple or Mathlab also often offer advanced plotting facilities along with powerful statistical and mathematical tools. All these systems are very powerful, but they usually require a lot of effort in data preparation and trade off a lot of advances features for a slow-to-use user interface. But none of them provide the open source to integrate their tool into your application, as well as none them are flexible to use with any programming language. After developing LiveGraph into personal healthcare system it can be used as independent analysis tool for many kinds of data. It will not only analyze the CSV data format but now it can also maintain different kind of data format such as .XLS, .TXT, .DB etc. Figure 8 show the ECG data is processed with LiveGraph. After analysis wave graph it's an easy to decide that LiveGraph is good enough to use an analysis tool in personal healthcare module. But still LiveGraph fulfill most of the requirement which any user need for basic healthcare application. After adding another support for different data format it's a better option for analysis in any web application. There are several features can be added like after ECG analysis, there can be some instruction can also be added which can be accessible for user anywhere by using web application.
Conclusion
This paper is an attempt to make a progressive middleware which can work as an independent body and fulfill most of the requirement of middleware in ubiquitous healthcare system. Several institutes and research organization such as OpenEHR, HiMSS and HL7 are the basic inspiration to develop the whole architecture. This paper shows different design architecture for creating a full fledge middleware with LiveGraph. For user interaction with application it added fresh GUI as MedRec which gives a great interactive environment to interact with all application. After adding analysis tool in web application, this system is totally improved with much better performance than previous one. In this application all information processing is done on application server and web application only provide GUI to show result, in this way we tried to enhance the efficiency of application by decrease their memory uses, data processing and decision making.
Overall, the work presented here is demonstration of single application, which can be easily implemented onto various other application and system. This is the beginning to achieve the perfect ubiquitous system. For future work there several applications which can be incorporate such mobile healthcare, indoor location estimation tool. It's a long way to go merge all these application with single entity. In future our concern will also be on data format, as ISO and various societies and organization also working on to develop common healthcare data format. As soon as it will finalize we will be able to see the real ubiquitous healthcare system which will work worldwide.
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